3 1 established by the presence of a conserved open reading frame across most species screened 3 2 in this study. Interestingly, the dietary switch from bovid to cetacean species is accompanied 3 3
codon, gaps in the form of N's were inserted in place of the stop codon/frame shift inducing 1 0 7 alleles to facilitate the alignment process. The multi-fasta open reading frames file consisting 1 0 8 of more than 200 species was aligned through Guidance2 with codon option and 100 1 0 9 bootstraps independently using PRANK (v.140603) , MUSCLE (v3.8.31) , MAFFT (v7.407) 1 1 0 and CLUSTALW (2.0.12) as the alignment tool (Sela et al. 2015) . To assess the consistency 1 1 1 of the alignment across these four multiple sequence alignment tools, we compared the 1 1 2 alignments using the SuiteMSA tool (Anderson et al. 2011) . The visual comparison of the 1 1 3 four alignments is provided as a pixel plot in Supplementary Figure S1 . To obtain a 1 1 4 quantitative comparison of the different alignments we also calculated the consistency 1 1 5 between the alignments (see Supplementary Table S1 ). We found that the alignments 1 1 6 differed from each other mainly at the alignment ends. These differences were mainly driven 1 1 7 by the differences in the C-terminal end of cetacean species. The N-terminal end was 1 1 8 different in two of the bat species (i.e., Hipposideros armiger and Rousettus aegyptiacus), the 1 1 9 speckled mousebird (Collius striatus) and the alpaca (Vicugna pacos). The overall robustness 1 2 0 of the alignment quality was deemed to be good based on the Guidance scores and presence 1 2 1 of very few gaps. The comparison of multiple sequence alignments for each group of species Based on the values of AOS and MOS (provided in Supplementary Table S2 ) for each of 1 2 6 these cases it is clear that alignment results are largely consistent across programs. We have 1 2 7 performed tests of sequence substitution saturation described in (Xia et al. 2003 ) and 1 2 8 implemented in the program DAMBE (Xia 2013). The index to measure substitution 1 2 9 saturation (Iss) and the corresponding critical Iss (Iss.c) estimates for symmetrical and 1 3 0 extreme asymmetrical tree are reported for each group of species that has been used in our 1 3 1 study ( Supplementary Table S3 ). In all cases we find that Iss < Iss.c and largely shows a 1 3 2 significant difference. Hence, the sequences used in our study show little saturation. The best sequence evolution model was identified using the program modeltest-ng (Darriba et input. The best model according to BIC is provided in Supplementary Table S2 . We 1 3 6 obtained maximum likelihood gene trees for the CYP8B1 gene using RAxML-NG with 1000 1 3 7 bootstraps (Kozlov et al. 2019 ). Subsets of these species were grouped based on their 1 3 8 evolutionary proximity and further analyses were performed within these groups. Robustness 1 3 9 of the results obtained was assessed using multiple tree topologies. We also evaluated the 1 4 0 sequences for substitution saturation using the index to measure substitution saturation (Iss) 1 4 1 described in (Xia et al. 2003) and implemented in the program DAMBE (Xia 2013). The species that has been used in our study ( Supplementary Table S3 ). In all cases we find that Iss < Iss.c and largely shows a significant difference. Hence, the sequences used in our study 1 4 6
show little saturation. The nucleotide composition bias across the CYP8B1 gene sequence was calculated for each Our dataset consists of CYP8B1 gene sequences from sixteen cetacean species. We found that that is missing in all the other artiodactyl species (see Figure 2A ). This 10 amino-acid stretch 1 8 4
was conserved across twelve cetacean species and was also supported by raw sequencing 1 8 5
reads (see https://github.com/ceglab/CYP8B1/SAMs). To check whether this is a cetacean 1 8 6 specific change, we added the CYP8B1 gene sequence from ten non-cetacean artiodactyl 1 8 7 species to our multi-species sequence alignment and found that all cetacean species had 1 8 8 acquired a one base-pair deletion exactly three codons (CCT to C-T) before the erstwhile stop 1 8 9 codon found in non-cetacean artiodactyl species (see Figure 2B ). This single base-pair 1 9 0 deletion resulted in a coding frame shift and a downstream stop codon after the split of the 1 9 1 cetacean ancestor from the hippopotamus. metabolism genes in a recent study found that the CYP8B1 gene has the strongest pattern of CYP8B1 of cetaceans was not identified in previous studies to the best of our knowledge. However, the co-occurrence of gene-damaging indels, positive selection and dietary changes 1 9 8 has been reported for the CYP3A gene cluster in humans (Hu and Ng 2012; Wagh et al. Supplementary Table S5 ). Hence, the CYP8B1 gene shows signatures of episodic positive 2 0 8 selection at few sites. The bottlenose dolphin (Tursiops truncatus) stop codon has been acquired subsequently 2 1 0 through an independent (G to T) transversion event that converts the GAG codon to a TAG 2 1 1 stop codon (see Figure 2B ). The recent (after the split from the pacific white sided dolphin However, it is not clear whether this distinctive bile composition has a genetic basis. gene needs to be investigated further to understand if it has had any functional consequences.
The multi-species alignment spanning cetaceans was analysed using the general descriptive 2 2 1 model implemented in RELAX. We did not use the information obtained from the general 2 2 2 descriptive model for performing any other tests as that would amount to using the same data twice. Although none of the cetacean species showed (see Supplementary Table S4 ) All the five mutations that cause loss of the CYP8B1 gene are known to be shared between 2 3 6
the African and Asian elephant, suggesting the lack of cholic acid in the common ancestor of changes (see Supplementary Table S6 ).
4 6
The West Indian manatee (Trichechus manatus) shares only one of the five coding frame We used seven Afrotherian species and performed independent tests for relaxed selection in one of the ten species from the alignment. We found that the large flying fox (Pteropus 3 0 0 vampyrus) and the great roundleaf bat (Hipposideros armiger) showed relaxed selection in 3 0 1 most of the tests when one of background species was removed ( Supplementary Table S7 ). Loss of the CYP8B1 gene in naked-mole rat (Heterocephalus glaber) has been shown by the lack of supporting reads in sequencing datasets (Sharma and Hiller 2018 The diet of the North American beaver (Castor canadensis) mainly consists of tree bark and UDCA starting from CDCA or CA or even lithocholic acid for industrial production (Eggert gene is still required in the beaver genome as it is possible produce both CDCA and UDCA supported by raw reads (see https://github.com/ceglab/CYP8B1/SAMs). However, we could 3 3 3
find relaxation of selection in the beaver lineage (see Supplementary Table S4 ). The relative It has previously been reported that the bile composition of the family Lemuridae consists selection (see Supplementary Table S4 ) was inferred in the black lemur (Eulemur macaco) identify gene disrupting mutations that might be present in one of the bile pathway genes. Based on an alignment of six species spanning Monotremata, Marsupialia and Xenarthra we found evidence for significant (even after correcting for multiple testing) relaxed selection (see Supplementary Table S4 ) in the wombat (Vombatus ursinus). In contrast to this, 3 4 9 significant intensified selection was seen in the Queensland koala (Phascolarctos cinereus).
3 5 0
Multiple copies of varying lengths have been assembled and annotated for the CYP8B1 gene we did not include these two species in our alignment. It has been reported that the wombat are herbivorous and represent a dietary shift. We could not see any evidence for the presence 3 5 6 of multiple copies of the CYP8B1 gene within the wombat in the raw sequencing read data the wombat sequence from the alignment. Passeriformes, Telluraves (without passerines) and Aequorlitornithes (see Supplementary   3 7 2
Material for details). The chicken genome assembly is a good starting point within birds for performing gene To maintain consistency with the previous assemblies, the same highly inbred red jungle fowl CYP8B1 gene (see Supplementary Table S10 ). Chicken bile salts are known to contain cholic acid and the inferred premature stop segregating as a polymorphism in chicken breeds, we screened the re-sequenced whole 3 8 8 genomes of more than 100 chicken individuals to look for this stop codon and find that it is another individual (see Figure 4 and Supplementary Table S10 ).
The CYP8B1 gene open 3 9 1 reading frame was found to be conserved across bird species and none of the other bird 3 9 2 species had a stop codon at the position that the chicken CYP8B1 gene has acquired a stop 3 9 3 codon. We found the ancestral codon state (AAA) in the one Gallus varius individual 3 9 4
screened. This suggests that this premature stop codon inducing polymorphism was 3 9 5 potentially acquired in domesticated chicken. To further verify whether the CYP8B1 gene is 3 9 6 lost in chicken due to relaxed selective constraints, we decided to use the strategy used by 3 9 7
(Sharma and Hiller 2018) and looked for signatures of relaxed selection in the chicken 3 9 8 lineage. We found evidence for relaxation of selection in the chicken lineage when the 3 9 9
CYP8B1 sequence of the greater prairie chicken (Tympanuchus cupido pinnatus) was 4 0 0 included in the alignment (see Supplementary Table S4 ). To further evaluate the robustness Supplementary Figure S3C) . Loss of the CYP8B1 gene has been shown to have beneficial Candidate species whose bile composition needs further investigation 4 1 0
Based on our analysis of the CYP8B1 gene across more than 200 species we have identified bile composition for this species might need to be re-evaluated. However, we cannot rule out 4 2 5
the possibility that lack of cholic acid is not reflected in relaxed selection on the CYP8B1 4 2 6 gene of the rock hyrax. While comprehensive genome-wide studies that rely upon the abundance of publically points of concern despite the maturity of the field (Han et al. 2013; Bornelöv et al. 2017) . picture. Hence, it is not surprising that gene loss inferences are also prone to be affected by In contrast to this, sequencing of thousands of individuals from diverse human populations 4 7 1 has allowed the reliable and robust estimation of allele frequencies across the human genome. Efforts are on to assemble Pan-genomes that incorporate population level variation into 
